Economic evaluation provides health care decision makers with a powerful tool for resource allocation decisions because it offers a framework for comparing the costs and benefits of competing interventions or options. This paper reviews how economic analyses have been applied to the field of pharmacogenomics, both by the pharmaceutical industry to inform investment decisions and by payers to make coverage decisions. There is much anticipation that pharmacogenomic testing is likely to be cost-effective because it uses genomic information to improve drug effectiveness and reduce toxicity both in the drug development process and at the bedside. However, the demonstration of economic benefits first requires that pharmacogenomic testing show evidence of clinical effectiveness. This will only be achieved by greater participation of pharmacogenomics experts in comparative effectiveness research and additional emphasis on including costs in the determination of the relative value of pharmacogenomic testing to the health care system. 
INTRODUCTION
Pharmacogenomics, the science of how genetics influences an individual's response to medication, has the potential to significantly improve both drug development and drug therapy decision making. The benefits of pharmacogenomics range from enhancing the efficiency of clinical trials of new drugs to targeting medications in clinical practice to achieve better health and economic outcomes for patients. For example, understanding how overexpression of the HER2 oncoprotein predicts the response to the monoclonal antibody trastuzumab (Herceptin ® ; Genentech) enables clinicians to tailor trastuzumab treatment to individual breast cancer patients and avoid the morbidity and costs associated with adverse drug reactions or lack of effectiveness to this agent (1). Although there are a growing number of promising examples of pharmacogenomic tests in clinical practice today, the majority of these tests are limited to specialty care such as oncology, with relatively limited diffusion of pharmacogenomic testing into primary care settings. The reasons for the delays in broader integration into the clinic include the complexity of the underlying science, as well as an intricate array of clinical, economic, and organizational barriers to the effective delivery of molecular medicine (2) .
In the meantime, the processes of drug discovery and development have become increasingly expensive (3) and inefficient (4) , with fewer new drugs being approved (5) and heightened concerns about the safety of marketed drugs (6) . Clinicians and patients understand firsthand that drug response is often unpredictable and suboptimal, and there is compelling biological plausibility for the hypothesis that some of this variability in treatment outcomes might be explained by genetic differences among individuals (7) . Pharmacogenomics promises to at least partially address all of these concerns through the use of genomics-based tests to better predict medication response (8) . It also offers the potential for significant economic benefits, both in the immediate term through the avoidance of potentially unsafe or ineffective medications in specific patients and in the longer term because patients on targeted drug treatments are more likely to experience improved health outcomes (9) .
These improvements in health care quality and efficiency are particularly important as both public and private payers struggle with the rising costs of health care. In the United States, total health care spending has risen from approximately 8% of gross domestic product in 1975 to 16% in 2006 and is projected to reach almost 20% in 2016, with the major driver of this trend identified as increases in per-enrollee spending (10) . One of the major sources fueling the real growth in health care expenditures over the past several decades has been the development and diffusion of new medical technologies and interventions, not changes in population demographics or disease prevalence (11, 12) . After a period of slowing, pharmaceuticals have again become one of the fastest growing components of health care spending, owing to public financing of prescription drug benefits through Medicare Part D and the growth of specialty drugs (13) that are often biotechnology based, complex to administer, indicated for serious diseases, and very expensive. Payers are particularly interested in pharmacogenomics as a science-based tool to target the use of specialty drugs to patients most likely to benefit.
ECONOMIC EVALUATIONS
Faced with a continuing surge of new products and services and limited health care resources, decision makers at all levels are interested in assessing whether they are receiving value (see sidebar) in return for their investment in health care. The framework for determining value is an assessment of the relative costs and health outcomes (benefits) associated with competing health care interventions, and economics is the discipline that provides the quantitative methods for comparing the
VALUE
An explicit examination of the resources consumed for the outputs achieved. In health care this typically involves both health outcomes and health care costs, but these measures can be narrowly or broadly defined depending on the perspective of the decision maker. For example, the determination of value might differ from consumer to insurer to societal perspectives.
costs and benefits of different health care interventions (see Table 1 ). Cost-effectiveness analysis is a well-established framework within health care for informing decisions at numerous levels: technology assessment, insurance coverage and reimbursement, drug development, and most recently pharmacogenomics, because it examines the incremental costs and changes in health status of various health care choices, given limited resources (14) .
These investigations not only answer the question, "Does it work?" (ideally by comparing the new health care technology to the standard of care), but most explicitly address the question, "Is it worth it?" and can inform a range of resource allocation decisions depending on the perspective that is adopted for the analysis (15) . For example, payers and clinicians want to understand whether current evidence supports the conclusion that genomics-guided dosing of warfarin therapy produces better health outcomes than standard induction of this widely prescribed anticoagulant (16) and if the addition of pharmacogenomic testing to warfarin dosing algorithms is likely to be cost-effective (17) . Developers in the pharmaceutical industry also employ economic analysis (and cost-effectiveness frameworks specifically) to evaluate the impact of pairing a pharmacogenomic Can measure health effects in disease-specific terms, but preferred method evaluates interventions using a standard measurement (life expectancy; year of life gained)
Cost-utility
Recommended by several expert consensus groups Measures health benefit in terms of QALYs (quality-adjusted life years) * Incorporates values or preferences people place on different outcomes Allows comparisons across disease areas and interventions * QALY: A quality-adjusted life year uses utility scores between 0 (death) and 1 (perfect health) to adjust a life year in terms of its quality. For example, a year spent in poor health might have a utility score of 0.4, and thus a year of life in such a state would be equal to 1 × 0.4 = 0.4 QALYs.
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test with a drug to segment the market into responders and nonresponders and use this information to predict the likely effects of pharmacogenomics on incentives for innovation and the pharmaceutical industry's business model (18) . This information is then used to make investment decisions regarding whether to codevelop a drug and diagnostic or use a pharmacogenomic test to rescue a drug that has an unacceptable safety profile in the general population by identifying a patient subgroup that is less likely to experience an adverse reaction to the drug while still receiving the desirable therapeutic benefit.
In this paper, we discuss both types of economic evaluations-those that focus on characterizing the long-term health benefits of pharmacogenomics at the population level and are useful for shaping research and development investment decisions, as well as those that focus on assessing the near-term health benefits of integrating pharmacogenomics into clinical practice now and are useful for coverage and reimbursement decision making. Both types of evaluations are based on a similar set of assumptions about the likely benefits and costs of pharmacogenomics, all predicated on the notion that pharmacogenomic testing will improve drug safety and effectiveness by using molecular diagnostics to either (a) identify responders versus nonresponders or (b) identify patients at increased risk for drug toxicity. This stratification of the population on the basis of pharmacogenomic testing is intended to reduce the use of ineffective or unsafe drugs, which should translate into improved health outcomes for patients and more efficient use of health care resources.
Assuming that the initial promise of pharmacogenomics is supported by the science, we also need to presuppose that pharmacogenomic testing will diffuse appropriately into clinical practice for any given disease treated with a pharmacogenomic-linked drug. For example, there are real concerns that the benefits of pharmacogenomic testing will not be realized on a large scale without first investing in extensive provider education and training in genetics, as well as a twentyfirst-century information technology infrastructure capable of storing and sharing (real-time) complex medical information in a secure environment (2) . When both the upstream [research and development (R&D)] and downstream (health care delivery system) economic implications of pharmacogenomics are considered, the situation becomes even more complicated, and conclusions regarding value (cost in relationship to outcome) will be most heavily influenced by the perspective of the decision maker (see Table 2 ). Nevertheless, any economic projections of the societal benefits of the technological advances in pharmacogenomics depend largely on the quality of the evidence demonstrating the clinical utility (net balance of risks and benefits of using the test in routine practice) (see sidebar) of pharmacogenomic testing. As one health economist eloquently stated, "A technology cannot be cost-effective if it is not effective" (19) .
IMPACT OF PHARMACOGENOMICS ON PHARMACEUTICAL R&D
It is a basic economic principle that expected financial returns drive R&D spending and hence the rate of innovation. Pharmaceutical R&D is expensive and uncertain, and in the United States we incentivize this investment by granting temporary monopoly rights to innovators in the form
CLINICAL UTILITY
A term used to refer to the net balance of risks and benefits associated with using a pharmacogenomic test in clinical practice, including its ability to inform clinical decision making, prevent adverse health outcomes, and predict outcomes considered important to patients and their families. 
Pharmaceutical industry
Higher development costs in short term (development and validation of biomarkers)
Improved decision making and lower attrition
Evolving regulatory environment (test approval process for diagnostics becoming more rigorous)
Focused discovery and development programs
Loss of blockbuster drug business model Earlier approval of new therapies
Cultural differences between drug and diagnostics industries
Greater confidence in postmarketing surveillance systems
Expanded patient populations for drugs of patents. Pharmacogenomics is only likely to alter this landscape if it increases the probability of successfully developing a new drug or lowers the costs. One way for this to occur is to use pharmacogenomic test information to create an enriched population of responders so that the drug development process can become more efficient. Smaller (and perhaps shorter) clinical trials are likely to reduce drug development costs to the extent that clinical trial costs vary with clinical trial sizes. As a real-world example of this principle, consider the case of the biologic Herceptin (trastuzumab), which is approved for both adjuvant and metastatic treatment indications in patients with breast cancer. Genentech, the company that produces Herceptin, found that conducting a clinical trial using pharmacogenomic screening reduced the development costs and the time it took to bring the product to the market for patients (20) . Specifically, using a diagnostic test to select and enroll patients who were HER2 positive enabled Genentech to conduct a study with only 470 enrollees, rather than the 2200 patients that would have been required without an ability to prescreen (21) . Moreover, as Cook et al. note, "the time to bring the product to market was also reduced. The time for the larger study was projected to be 10 years, while the actual study took only 1.6 years. Overall, the clinical trial costs were (also) reduced by an estimated $35 million" (20) .
However, development of a drug and a pharmacogenomic test in parallel has been fairly atypical to date, and it is equally plausible that the costs and risks of discovering and validating new pharmacogenomic tests will introduce additional costs and complexity to the inherently risky process of drug development. Moreover, significant differences in the business models, regulatory requirements, and company cultures between the pharmaceutical industry and the diagnostics industry complicate and potentially undermine the scientific and economic drivers for drug-diagnostic codevelopment strategies. What we have learned from case examples of anticancer drugs such as irinotecan (Camptosar ® ; Pfizer) and gefitinib (Iressa ® ; AstraZeneca) that have become stratified based on a postapproval understanding of the molecular basis of treatment response is that pharmacogenomic testing can play a variable role in predicting the clinical adoption and market success of the drug (22) . Depending on the particular clinical parameter (safety, effectiveness) predicted by the pharmacogenomic test, a unique set of complex factors will influence the investment decisions within the biopharmaceutical and diagnostics industries, leading us to conclude that future investment decisions in pharmacogenomics by the private sector will most likely be made on a case-by-case basis.
Another way pharmacogenomics may prove useful to industry is through the rescue of products that would otherwise have failed in development because of apparently idiosyncratic adverse drug reactions in a subset of the target population. However, if these adverse drug reactions can be linked to pharmacogenomic markers, then products that otherwise would have been terminated in the development process (or rejected or delayed for approval by the FDA) could potentially be made available to patients who test negative for the genetic variants associated with an increased risk for the adverse reaction. This strategy is most promising for investigational drugs because the stigma and liability concerns associated with a previously marketed drug with a known adverse event profile are likely to complicate its subsequent use despite its new pairing with a pharmacogenomic test designed to identify patients at increased risk of toxicity (23) . One example of a pharmacogenomic test that has helped overcome an undesirable safety profile limiting the use of a potentially effective drug is in the setting of treatment for HIV/AIDS. Patients are tested for specific HLA haplotypes prior to receiving treatment with abacavir, a nucleoside reverse transcriptase inhibitor that has been associated with severe hypersensitivity reactions in patients with certain germline variants (HLA * B5701) (24) . The economic advantages of drug rescue on a broad scale remain plausible but essentially unproven and will most likely require both postmarketing risk-management strategies and changes to the legal system to occur in parallel with advances in pharmacogenomics.
The consequence of shorter, less expensive drug development programs, when coupled with the higher drug development success rates (fewer products failing in the development process) is a lower cost of drug development. Recent estimates place the cost of drug development at more than $1 billion (inflated by the consumer price index) (25) ; therefore, any scientific advances such as pharmacogenomics that are likely to positively impact the economics of drug development merit careful examination in order to direct research and development spending in a manner that both maximizes return on investment and fuels future innovation.
Specifically, the net effect of pharmacogenomic testing in terms of higher probabilities of technical success, (e.g., smaller and less expensive clinical trials, shorter average development times, more products gaining FDA approval, etc.) will be to lower the expected costs of drug development. This will mean that more R&D projects will be profitable and thus undertaken by firms. Another critical factor influencing the economic profile of a new drug is the time to product launch. If a drug can reach the market earlier because pharmacogenomic testing has streamlined the drug development process, cash flows to the company will be received sooner, which as basic finance shows, increases the present value of future cash flows. Also, products reaching the market sooner will have longer periods of patent protection, which also increase expected economic returns (see sidebar).
The impacts of all of these variables on firm cash flows are illustrated in Figure 1 , and a more detailed analysis of various economic scenarios for the industry can be found in Reference 26. For example, given that estimates of the value of a life year in the United States range from $100,000 to $175,000 (27) , then any pharmacogenomic strategies that alter the clinical epidemiology of debilitating diseases such as Alzheimer's disease, cancer, diabetes, or cardiovascular disease would
EXPECTED ECONOMIC RETURNS (OR NET PRESENT VALUES)
This is an expectation at a point in time that reflects net (costs and benefits) present values. A positive expected net present value (NPV) indicates an expected positive return, as expected present value benefits exceed expected present value costs. NPV is a commonly used method in finance (and used by firms) to assess the commercial viability of potential new products. A positive NPV represents a good investment: one where benefits exceed costs. A negative NPV represents a bad investment: one where costs exceed benefits. have tremendous social value. Thus, the argument can be made that the United States (and the global research enterprise more generally because the United States invests the most in medical and pharmaceutical R&D) is currently underinvesting in biomedical research owing to the size and value of the long-term health-related benefits relative to the cost of the research. From an industry perspective, that value needs to be captured in terms of premium pricing, faster adoption, or longer effective patent life for a portfolio of targeted drugs, to offset the reduction in potential revenues from market stratification (22) . Economic evaluation of the potential trade-offs of pharmacogenomic-guided drug therapy is a useful tool for developers to use to model these investment opportunities and help ensure commercial success.
IMPACT OF PHARMACOGENOMICS ON CLINICAL PRACTICE
Whereas there are many theoretically promising applications for pharmacogenomic testing in clinical practice, there are significant barriers to assessing the relative contribution of pharmacogenomics for improving the management of chronic conditions such as Alzheimer's disease, cardiovascular disease, depression, and diabetes. Examples of some of the measurement challenges include the presence of multiple pathways involved in drug effects, multiple polymorphisms, gene-environment interactions, length of time between testing and clinical outcomes, and multiple determinants of clinical outcomes. In the absence of empiric evidence, economists have used mathematical modeling techniques to identify circumstances where pharmacogenomic testing is likely to be cost-effective, such as for drugs with a narrow therapeutic index whose biological
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effects are mediated by prevalent pharmacogenomic variants that can be reliably detected with high sensitivity and specificity (28) . To date, few examples exist outside of oncology and HIV-AIDS, where pharmacogenomic testing has been shown to be cost-effective in clinical practice, although rapid scientific advances in the field of personalized medicine in general have alerted clinicians and payers to be prepared for an influx of new pharmacogenomic tests across a wider range of therapeutic areas. These tests may prove to be cost-effective, particularly if they are useful in guiding the use of expensive biologic agents. Although cost-effectiveness analysis provides a rational framework for comparing the costs and outcomes of various health care interventions and numerous guidelines and recommendations exist for conducting these evaluations for health care and even for pharmacogenomic tests specifically (9, 29) , there historically has been political resistance to the explicit use of cost-effectiveness analysis in the United States (30) . This situation may be slowly changing as part of health care reform efforts, but ongoing efforts are also being made to link considerations of value to coverage and reimbursement decision making (value-based purchasing). As stated previously, any determination of value requires an assessment of both costs and outcomes, which is precisely the approach economists follow in cost-effectiveness analysis.
In the United States, most new medical technologies require coverage and reimbursement by a third-party payer such as a private or public health care insurer before they are accessible to patients. The trend in the payer community is to apply evidence-based approaches to the evaluation of new medical technologies to support the use of effective health care interventions and avoid payment for ineffective care. Early evidence exists that this same framework for coverage decision making and the emphasis on value-based purchasing is directly relevant to the diffusion of new pharmacogenomic tests into clinical practice, but the decision-making process is highly decentralized. For example, although the warfarin package insert has been updated to include information about the association between the inherited variation in cytochrome P450 2C9 and VKORC1 and warfarin responsiveness, and although there are numerous commercially available (including FDA-approved) pharmacogenomic tests for these genes, the payer community is divided regarding their conclusions about whether to pay for testing based on the available evidence. Whereas several algorithms have been developed to alter initial warfarin dosing based on genotype, no completed prospective studies demonstrate that genotype-guided therapy improves anticoagulation control or reduces the risks of hemorrhagic or thromboembolic complications (31) . In the United States, it is commonplace that payers are put in the position of having to decide whether a new technology merits coverage or has value based on incomplete data because the published studies are typically designed for other purposes (e.g., regulatory approval, academia).
In the meantime, experts continue to call for not only prospective evidence of the clinical benefits, but also studies to evaluate the costs of implementing routine pharmacogenomic testing for warfarin dosing (32) . This is probably not surprising given the conflicting estimates of the likely cost-effectiveness (ranging from very favorable to unfavorable) of using pharmacogenomic information to guide warfarin dosing based on modeling studies with varying assumptions regarding expected benefits (33, 34) . Most recently, the Centers for Medicare and Medicaid Services decided not to support reimbursement for pharmacogenomic testing to guide warfarin management because they felt the available evidence did not demonstrate that pharmacogenomic tests that predict warfarin responsiveness improve health outcomes in Medicare beneficiaries. Instead, they proposed paying for warfarin pharmacogenomic testing only in the setting of "coverage with evidence development" (a clinical trial designed to answer one or more questions regarding prespecified health outcomes) (35) .
This warfarin case analysis highlights that the field of pharmacogenomics needs to move beyond association studies to demonstrate that use of pharmacogenomic testing in clinical practice improves health outcomes for patients compared with usual care. Particularly for tests with high unit costs or tests that target high-risk patient groups, developers should anticipate additional scrutiny from payers regarding whether pharmacogenomic testing is likely to be cost-effective. The validity and reliability of the economic analyses designed to address this issue are directly linked to the quality of the underlying effectiveness data.
For a pharmacogenomic test to be useful in clinical practice, it must provide reliable, actionable, and predictive information that the clinician would otherwise not know, and an alternative drug or dosing regimen must have been studied (36) . This evidence threshold is much higher than the standards required for regulatory approval of the test itself and may explain why, even for FDA-approved pharmacogenomic tests with applicability to drugs with specific pharmacogenetic information in the product label, there is highly variable payer response in the marketplace. Where there are prospective data such as for HLA-B * 5701 testing and abacavir, reimbursement for the pharmacogenomic test has been consistent; where the data are lacking, such as with the cytochrome P450 genotyping test for 2D6 variants and targeting antidepressant therapy with selective serotonin reuptake inhibitors (36a), reimbursement for the test has been limited.
Payers act on the same evidence base used by clinicians and professional societies to determine whether there is sufficient evidence to support the use of the test in clinical practice. Ideally, this information would come from well-controlled trials powered to examine clinical end points, rather than relying on retrospective association data that are much weaker and therefore less likely to change clinical practice. However, from a practical perspective, it is unlikely that randomized controlled trials will be conducted for all new pharmacogenomic tests that enter the market. In the absence of prospectively collected data, economists often create mathematical models, but historically these studies in the field of pharmacogenomics have been of relatively poor quality (37, 38) . More recent publications of cost-effectiveness models in the areas of oncology and HIV are examples of well-conducted studies that can provide useful information to decision makers (39, 40) .
RECOMMENDATIONS
The economic challenges and opportunities for payers and providers stem from the interdependent factors (and associated costs) that result from the decision to implement a pharmacogenomic test in clinical practice, such as impacts on treatment decisions, impacts on health outcomes, impacts on adverse events, impacts on health care utilization, test accuracy, delivery system readiness, etc.-all of which must be accounted for beyond simply the cost of the pharmacogenomic test. Similarly, the economic challenges and opportunities for industry stem from balancing the requirements for the initial (and potentially risky) investments in pharmacogenomic research against the longer-term presumed benefits of drug development efficiencies and return on investment. The combination of all these factors emphasizes the significant upside that exists if the science of pharmacogenomics evolves as predicted for a range of chronic diseases. Gains in life expectancy and improvements in population health are potentially enormous when valued in economic terms and provide a strong justification for expanding our investment in pharmacogenomic research, given that we are only beginning to understand the relative contribution of genomics to predicting drug response. However, before these health benefits and corresponding cost offsets can be achieved, many steps must occur for a promising new biomarker to be integrated into clinical practice as a pharmacogenomic test with proven clinical utility and adequate reimbursement.
The only way to know whether we are achieving the intended health and economic consequences for pharmacogenomics is through the types of questions and corresponding answers that are generated at the various stages of clinical translation and implementation (see Figure 2) The translational pathway for pharmacogenomics is an information funnel.
existing translational pathway for new pharmacogenomic tests is essentially an information funnel that starts with basic research at the top of the funnel, leading to preclinical and clinical research in the middle part of the funnel, and culminating in comparative effectiveness research (see sidebar) at the bottom of the funnel. Each of the three categories of research is separated from the others by a horizontal line that essentially acts as an information filter; new evidence is required before progressing to the next lower level of the funnel. The information that flows through the funnel
COMPARATIVE EFFECTIVENESS RESEARCH
The generation and synthesis of evidence that compares the effectiveness of alternative methods to prevent, diagnose, treat, monitor, and improve delivery of care for a clinical condition. The purpose of comparative effectiveness research is to assist patients, clinicians, purchasers, and policy makers in making informed health decisions.
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Deverka · Vernon · McLeod should drive appropriate use in clinical practice in a way that improves health outcomes for individual patients and ultimately for public health. However, the current process of evidence generation for pharmacogenomic tests is poorly defined, with very few requirements for what evidence passes to the next level and what is discarded or used for no-go decisions.
Notably, the funnel has very steep sides-intending to show that the evidence base for pharmacogenomic tests narrows rapidly. Whereas no financial data exist regarding the amount of money spent on pharmacogenomic research specifically, it is well known that funding (both public and private) for comparative effectiveness research is dramatically lower than funding for either basic or clinical research (41) . Even for branded pharmaceuticals where we have substantial amounts of clinical data at launch, we have very little data on comparative effectiveness in real-world settings (42) . Therefore, it is entirely predictable that there is very little evidence to demonstrate the clinical benefit of a new pharmacogenomic test because this information is lacking for medical innovations in general. The reasons for these translational gaps are multifactorial (lack of incentives, funding, workforce training, information systems, public participation, etc.), but these deficiencies are particularly acute at the point where clinical studies are translated into medical practice and health care decision making (43) . This is precisely where economic analyses have their greatest value because they can inform decision making by providing information regarding the incremental costs and benefits of competing health care interventions.
The lack of comparative effectiveness and cost-effectiveness data is not unique to pharmacogenomic tests, but clearly the bar is being raised in terms of payers and now policy makers demanding better evidence to make more informed coverage and resource allocation decisions at both the local and national levels. Wide regional variations in adoption of new health care technologies without corresponding changes in health status have been attributed in large part to an absence of information on the risks, benefits, and costs of different treatment options. An opportunity exists for pharmacogenomic experts to ride the wave of the comparative effectiveness movement (44) and capitalize on the recent federal investment in research infrastructure and methods development to conduct the appropriate prospective studies that demonstrate the clinical utility of pharmacogenomic tests. The biggest barrier to realizing the economic benefits of pharmacogenomic testing is the lack of evidence that using this test information to guide prescribing decisions improves health outcomes for patients (45) . Our contention is that we need to harness the expertise of multidisciplinary teams of researchers to prove the value of pharmacogenomic testing. This will create a positive cycle of continued investment in research in both the public and private sectors while providing the evidence to guide appropriate use of the new technology in clinical practice.
SUMMARY
Payers and clinicians see pharmacogenomic tests as a potentially significant medical advance and are interested in evidence-based recommendations for adopting this technology. Pharmacogenomic tests are most likely to be cost-effective for medications that have significant risks of serious adverse events or poor or highly variable drug response or are very expensive, such as specialty drugs. Given the rising costs of drug development, there is growing interest on the part of industry in using pharmacogenomics as a tool to improve the efficiency of drug development over time. For many common medical disorders, an opportunity exists to improve the response to current medications and to develop new targeted therapies that deliver better health outcomes and improve patients' quality of life. The public health benefit of using pharmacogenomics to improve the risk-benefit profile of new and existing drugs, while ensuring efficient use of scarce health care resources, is potentially very great.
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SUMMARY POINTS
1. The economic benefits of using pharmacogenomic testing to improve drug development and drug therapy decision making are potentially very favorable from a societal perspective.
2. The biggest barrier to translating pharmacogenomic testing into clinical practice is the lack of evidence that using this test information to guide prescribing decisions improves health outcomes for patients.
3. Anticipated health care cost savings from targeting drug therapy will remain theoretical until we demonstrate the clinical benefits of using pharmacogenomic testing in real-world settings.
4. While currently there is no centralized or consistent process for conducting health technology assessments in the United States, payers are interested in evaluating the clinical utility and economic impact of pharmacogenomic testing as part of coverage and reimbursement decisions.
5. Generating better evidence for pharmacogenomics will require expanded investment in basic and clinical research activities, greater investment in comparative effectiveness research, and additional emphasis on including costs in the determination of overall value.
FUTURE ISSUES
1. Economic evaluations of pharmacogenomic opportunities will play an increasingly important role in influencing drug portfolio decision making.
2. Recent increased investment by the federal government in comparative effectiveness research will create enhanced capacity to also study the relative impact of pharmacogenomic testing on clinical and economic outcomes.
3. Payers and clinicians will continue to need additional training to take advantage of the growing body of cost-effectiveness research surrounding the use of pharmacogenomic testing in clinical practice.
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